Aims : The aims of this study were (i) to develop a protocol for the entrapment of anaerobic (hyper)thermophilic marine micro-organisms; (ii) to test the use of the chosen polymers in a range of physical and chemical conditions and (iii) to validate the method with batch cultures.
Materials and Methods 93
Microbial strains and growth conditions 94 Thermosipho sp. strain AT1272 (DSM 101094), a thermophilic strain previously isolated 95 from a Rainbow hydrothermal chimney sample in our laboratory (Postec et al. 2005) Brea, USA), total volume of formed beads (1-2 mm diameter) was measured by water-136 displacement, and the general appearance of the beads was observed with a binocular 137 microscope SDF PLAPO 1XPF (Olympus, Tokyo, Japon).
138
Rheological tests
139
The viscoelastic behavior of the gellan and gellan plus xanthan gels was characterized in 140 absence and in presence of NaCl (0·20 mol l -1 final concentration). Polymer solutions were 141 prepared as described above, and poured in Petri dishes. After cooling, 2-mm thick 25-mm 142 diameter cylindrical gel samples were cut and their rheological behavior was characterized 143 using oscillatory simple shear tests performed in the linear regime, at room temperature, using 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 After incubation, beads size distribution was measured using a laser granulometer Beckman medium was quantified using a colorimetric method adapted from Dubois et al. (1956) . Two 
209
Internal calibration was performed with 10 µl of a 100 nmol l -1 ATP solution and maximal
210
fluorescence emissions values were considered. In the case of beads, these ones (ca 100 mg) Influence of NaCl concentration and polymer matrix on beads formation . Addition of xanthan gum induced a higher volume of produced beads 230 than gellan alone (113 ± 13 ml vs 74 ± 12 ml at 0·2 mol l -1 NaCl), and improve their 231 morphology (Fig. 1) . Nor the addition of NaCl, nor the presence of xanthan significantly 232 modified beads diameter (average diameter of 1095 ± 365 µm).
233
Influence of NaCl concentration on gels viscoelastic behavior For granulometry results, the model can be written as follows:
Before incubation, the average diameter of beads was of 1095 ± 365 µm. The regression coefficients of the model for polymer released are:
From the effect plot (Fig. 4) , it can be observed that temperature strongly influenced polymers 262 release after 5-week incubation. When temperature increased from 90 °C to 100 °C, the 263 average polymer release increased from 0·044 ± 0·01 g to 0·104 ± 0·04 g per vial, which is 264 equivalent to 0·18 % and 0·52 % of beads initial masses. We can also note a slight but 265 significant effect of pH and sulfur, with an increase in polymer release at extreme pH and at
266
0·15 mol l -1 of sulfur. NaCl concentrations had no significant impact on polymer release. It 267 has to be noted that the maximal amount of polymer release reached 0·11 g, which
268
represented less than 1 % of polymer release after 5-week incubation.
269
• Response Y 3 : visual aspect
270
Different numbers were assigned to beads, depending on their visual aspect. Fresh non 271 degraded beads (round and smooth) were noted 1, whereas the most degraded beads were 272 noted 5 (Fig. 5) . Beads noted up to 4 harbored a shape compatible with immobilized cell After 5-week incubation, once again, temperature significantly affected beads morphology.
276
This was especially true when a high temperature was associated with a low NaCl 277 concentration, with a highly significant effect with 0·08 and 0·50 mol l -1 of NaCl. An 278 association of high temperature (100 °C), low NaCl concentration (≤ 0·50 mol l -1 ) and 279 extremes pH (4·0 and 8·0) induced a pronounced deterioration of the beads.
280
Immobilized cell growth in batch experiments
281
In order to validate this new entrapment protocol, a thermophilic bacteria Thermosipho sp.
282
AT1272 and a hyperthermophilic archaea T. kodakarensis KOD1 were used as models. The 
289
AT1272 and 2·3 × 10 6 ± 1·3 × 10 5 for T. kodakarensis KOD1 (Fig. 6 ). possesses a smaller range of pH stability of 4·0 to 8·0 (Giavasis et al. 2000) .
370
In a third step, cell survival rate after immobilization, and cell growth capacity within and 
389
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